access to lethal medication and knowledge about how to use medication are frequently reported suicide risk factors for nurses (Hawton et al., 2011) . However, few studies have analyzed the influence of highly demanding work conditions on suicide among nurses.
The global lifetime prevalence rate of suicidal ideation is 9.2% (Nock et al., 2008) . A survey across 17 countries indicated that within the first year of onset of suicidal ideation, 60% of the ideation transformed into attempted suicide (Nock et al., 2008) . Suicidal ideation is therefore considered as a warning sign for completed suicide (Rudd et al., 2006) . Numerous personal factors have been identified as risk factors for having suicidal ideation, such as young age, female sex, being unmarried, lower education level, precarious employment, poor health, and mental distress (Gunnell, Harbord, Singleton, Jenkins, & Lewis, 2004; Han, Chang, Won, Lee, & Ham, 2017; Sareen et al., 2005; Yoon, Jung, Roh, Seok, & Won, 2015) . Some factors related to the working environment, including long working hours, night or shift work, high workplace stress, and burnout, have also been reported as risk factors for suicidal ideation (Dyrbye et al., 2008; Takada et al., 2009; Yoon et al., 2015) . These factors remain concerns in the nursing profession (Griffiths et al., 2014; Heinen et al., 2013) .
Taiwan has a relatively higher suicide rate than other countries (Ministry of Health and Welfare, Taiwan, 2017; World Health Organization, 2017) . Although some studies have examined the prevalence of suicidal ideation in the general population in Taiwan (Lee et al., 2010; Wu et al., 2016) , little is known about the suicide rates among different occupations, and even less is known about suicide among nurses. Nurses in Taiwan were reported to have higher strain and burnout as compared to the general working population (Chin, Guo, Hung, Yang, & Shiao, 2015) and high rates of considering leaving their jobs (Chin et al., 2017) . In addition, the nurse-to-patient ratio was relatively low (average 1:8.9 for all shifts) in Taiwan (National Health Insurance Administration, Taiwan, 2015) as compared to other countries (International Council of Nurses, 2015) . With the above-mentioned potential stressors to mental health, Taiwan nurses were reported to have higher psychiatric morbidity (Chen & Weng, 2017; Yang, Pan, & Yang, 2004) , which was considered to be a risk factor for suicide (Turecki & Brent, 2016) . Studying suicidal ideation among nursing personnel is therefore important.
Nurses constitute a high-risk occupational group for suicide (Hawton et al., 2011; Milner et al., 2016) , and the nursing work environment harbors crucial risk factors. Furthermore, the literature reveals a substantial relation between healthcare workers' mental health and patient safety (Wallace, Lemaire, & Ghali, 2009; West, Tan, Habermann, Sloan, & Shanafelt, 2009) . However, few studies have determined the risk factors for suicidal ideation among nurses. Therefore, in this study, we assessed the prevalence rates of suicidal ideation and determined the risk factors for suicidal ideation among Taiwanese nurses. In this study, we hypothesized that nurses' burnout, job dissatisfaction, and job stress contribute to higher risk for having suicidal ideation.
Methods Participants
We recruited female nurses working in accredited hospitals in Taiwan. Among all accredited hospitals (Ministry of Health and Welfare, Taiwan, 2014), a stratified sampling was conducted to yield representative hospitals. The hospital administration was contacted to inquire about willingness to participate. In each of those hospitals that agreed to participate in this study, one contact person was identified. She or he delivered the paper questionnaire to assistants by station. The anonymous questionnaire was collected 1 week later at each station and sent back to the researchers by the hospital contact person. These processes ensured anonymity in the questionnaire completion, returning, and collection stages. Owing to the similarity of demographic backgrounds, anonymity was also preserved in the data processing stage. The study's purpose, participants' rights, and anonymity were described at the beginning of the questionnaire. Nurses could decide whether they would participate or not. In addition, returning a blank questionnaire was allowed and indicated nonparticipation. Individual demographics (e.g., age, marital status, education, and average sleep hours per working day in the past week) and work conditions (e.g., current work tenure, average work hours per week in the past month, and most common work shift in the past 3 months) were also recorded.
Burnout
For occupational burnout, even though the Maslach Burnout Inventory (MBI) has been widely used internationally, the Copenhagen Burnout Inventory (CBI) is considered more culturally relevant, and with good validity and reproducibility in Taiwan (Yeh, Cheng, Chen, Hu, & Kristensen, 2007) . Therefore, a modified Chinese version of the CBI (Yeh, Cheng, Chen, & Chiu, 2008) was used in this study. A status of physical and psychological fatigue and exhaustion is defined as burnout in the CBI (Milfont, Denny, Ameratunga, Robinson, & Merry, 2008) . We examined only personal or generic burnout and client-related burnout in this study. There were five items in the personal or generic burnout dimension; they were used to measure the perceived degree of physical and psychological burnout. Client-related burnout was evaluated using six items for assessing the degree of physical and psychological burnout caused by work with patients. The nurses answered each question by recalling relevant situations that had occurred in the past week, recording their frequency on a 5-point scale, ranging from 0 (never) to 4 (always). Burnout scores of >70 were defined as high burnout status (Institute of Labor, Occupational Safety and Health [ILOSH], Taiwan, 2014) . In this study, Cronbach's alpha coefficients for internal consistency were .92 for personal or generic burnout and .89 for client-related burnout. This inventory was used in a nationwide survey of representative employees of Taiwan in 2013 (ILOSH, Taiwan, 2014) and in surveys of Taiwan female nurses (Chin et al., 2015 (Chin et al., , 2017 .
Job Stress
The item "How often do you feel highly stressful at work?" was used to examine the participants' workrelated stress. The nurses ranked their situation on a 5-point scale, ranging from 1 (never) to 5 (always). We categorized nurses scoring >4 as being in the high job stress group. This inventory was used in a nationwide survey of representative employees of Taiwan in 2013 (ILOSH, Taiwan, 2014) . The test-retest reliability (2 weeks between the pretest and posttest) of the kappa value of agreement was 0.61.
Job Satisfaction
The item "In general, are you satisfied with your current job?" was used to determine the job satisfaction of the participants. The nurses responded on a 5-point scale, ranging from 1 (very satisfied) to 5 (very dissatisfied). We defined nurses ranking >4 as feeling dissatisfied with their job. This inventory was used in a nationwide survey of representative employees of Taiwan in 2013 (ILOSH, Taiwan, 2014) . The test-retest reliability (2 weeks between the pretest and posttest) of the kappa value of agreement was 0.52.
Suicidal Ideation
Conceptually, suicidal ideation is defined as thinking about, considering, or planning suicide (Klonsky, May, & Saffer, 2016) . In the Brief Psychiatric Symptom Rating Scale (Lee, Lee, Yen, Lin, & Lue, 1990) , the question "Do you have thoughts of ending your life?" was applied to examine suicidal ideation. The response was recorded on a 5-point scale, ranging from 0 (none) to 4 (very severe). Nurses who scored >1 were defined as having suicidal ideation. The five-item Brief Psychiatric Symptom Rating Scale, with one item in the suicidal ideation dimension, has been reported to have good internal consistency (range 0.77-0.99; Lee et al., 2003) . The item was added at the end of the five-item Brief Psychiatric Symptom Rating Scale and has been used in community and working populations in previous surveys (Chin et al., 2017; Wu et al., 2016) .
Ethical Approval
This study was approved by the Research and Ethical Committee of National Taiwan University Medical Center (Protocol 201407075RINA) and complied with the principles outlined in the Declaration of Helsinki.
Statistical Analysis
The distribution of individual characteristics, the psychological work environment, and suicidal ideation were analyzed using descriptive statistics. Logistic regression was used to examine the association between covariates and suicidal ideation. Significant variables were included in multiple logistic regression models. Furthermore, 95% confidence intervals (CIs) for odds ratios were obtained from the aforementioned models; CIs that did not include 1.0 and p values of <.05 indicated statistical significance. Population attributable risk (PAR) is the proportion of suicidal ideation in the population that would be reduced if the risk factor were eliminated (Gordis, 2013) . In this study, we used the adjusted relative risks (aRRs) obtained from a mutually adjusted general linear model to calculate the adjusted PARs. The following expression was adopted for adjusted PAR calculation: {(% with specific risk factor among cases) [(aRR for specific risk factor -1)/aRR for specific risk factor]}; Engmann et al., 2017; Rockhill, Newman, & Weinberg, 1998) . The program JMP version 10.0 (SAS Institute, Cary, NC, USA) was used for data analyses.
Results
Of the 418 general hospitals in Taiwan according to the accredited hospital list in Taiwan (Ministry of Health and Welfare, Taiwan, 2014), a total of 71 were selected by the stratified sampling scheme (20 from north, 25 from central, 21 from south, and 5 from east Taiwan). A total of 3,559 full-time female nurses received the questionnaire, and 3,371 (94.7%) returned it. After exclusion of incomplete forms, 2,734 completed questionnaires (response rate of 76.8%) were eligible for analysis ( Figure S1 ).
The personal characteristics, job descriptions, burnout scores, job stress, job dissatisfaction, and suicidal ideation of the study participants are summarized in Table S1 . The mean age of the participants was 32.7 years (SD = 7.4). Approximately 62.5% of the participants had a bachelor's degree or higher, and the average working tenure was 7.7 years for the current job. More than one fourth had worked rotating shifts in the past 3 months. The average number of work hours per week was 46.8, and 4.4% of the nurses had worked >60 hr in the past week. Furthermore, the nurses reported that their sleep duration per working day in the past week had been 6.6 hr, and for 15.4% of the nurses, it had been <6 hr. The mean scores in the personal and clientrelated burnout dimensions were 59.4 (SD = 20.3) and 46.4 (SD = 19.4), respectively. Approximately two fifths of the participants always felt stressed at work, and 20.5% of them felt dissatisfied with work. Moreover, 18.3% reported having suicidal ideation in the past week.
Elevated relative risks for suicidal ideation were found in nurses with the following characteristics: an age of 36 to 40 years, having a junior college degree or lower, working >60 hr in the past week, sleeping <6 hr per working day in the past week, having high personal and clientrelated burnout, always feeling stressed at work, and feeling dissatisfied with work. All significant variables in Table S2 were included in the mutually adjusted model for estimating aRRs and adjusted PARs for suicidal ideation (Table S3) . After adjustment for possible confounding variables, the following psychological work environment factors were found to be significant: high personal burnout, high client-related burnout, and always feeling stressed at work. The adjusted PAR for each factor was 19.4, 8.6, and 10.5, respectively.
Discussion
To the best of our knowledge, this study is the first to investigate the influence of psychological work environment on suicidal ideation among female nurses working in hospitals and the first to calculate their PARs. Nearly one fifth of the nurses reported having suicidal ideation over the past week. To date, few studies have examined suicidal ideation among healthy female adults in Taiwan. It is therefore rather difficult to find a comparison group having the same class, education background, and occupational status as those of our study population. Nonetheless, the prevalence rate of suicidal ideation for females was 2.6%, and 2.1% for general population (male and female) in Taiwan (Lee et al., 2010; Wu et al., 2016) .
In addition, psychological work environment parameters of personal or general burnout, client-related burnout, and job stress were important risk factors for suicidal ideation, and the contributions of these factors to suicidal ideation were relatively high.
Poor social and occupational status can contribute to suicidal ideation. However, we considered that the contribution from this factor was limited in nurses. Nurses in Taiwan had an average starting income of more than 40,000 New Taiwan dollar per month (Taiwan Union of Nurses Association, 2016) and was higher than the average of the service industries in general (Directorate General of Budget, Accounting and Statistics, Taiwan, 2016). All nurses in Taiwan are required to have a formal professional school education, at the junior college level (14 years of education) or college level (16 years of education), and internship is also required. To become a registered nurse, all graduates have to pass the Nurses National Examination with relatively stringent criteria. In other words, the nursing profession has been well recognized in Taiwan.
Burnout has been reported to be highly prevalent in the nursing profession. In this study, 26.2% and 23.2% of the participants had high personal burnout and client-related burnout, respectively. Heinen et al. (2013) similarly reported that 10% to 42% of nurses in Europe experienced high burnout. However, no study has determined the association between burnout and suicidal ideation among nurses, although a few studies have examined this association in doctors and medical students. In 2008, Shanafelt et al. (2011) investigated suicidal ideation and burnout (using the MBI) in 7,905 American surgeons and found that the prevalence rate of suicidal ideation in the past year was 6.4% and that surgeons with higher burnout were more likely to have suicidal ideation. A study by van der Heijden, Dillingh, Bakker, and Prins (2008) involving 2,115 Dutch medical residents found that 12% of residents had suicidal thoughts at least once during their residency, and that suicidal thoughts, as assessed by the MBI, were more prevalent in the burnout group than in the nonburnout group. Another cohort study illustrated that burnout was associated with increased likelihood of suicidal ideation in medical students (Dyrbye et al., 2008) . However, the work characteristics and burnout instruments differed between the aforementioned surveys and ours, precluding a direct comparison.
In our study, burnout contributed to 8.6% to 19.4% of suicidal ideation in the nurses. Burnout-induced suicidal ideation might result from its correlation with depression. A survey conducted in Australian midwives found that personal burnout and client-related burnout were associated with symptoms of depression (Creedy, Sidebotham, Gamble, Pallant, & Fenwick, 2017) . Other longitudinal studies have also suggested burnout as a predictor for developing depression (Ahola & Hakanen, 2007; Toker & Biron, 2012) , which is well recognized to be associated with suicidal ideation (Kessler, Borges, & Walters, 1999) .
In our survey, 40% of the nurses reported that they always felt stressed at work. This feeling contributed to 10.5% of suicidal ideation. Occupational stress is a contributory factor in nursing suicides (Hawton & Vislisel, 1999) . However, Feskanich and coworkers (2002) conducted a study with 14 years of follow-up among female nurses in the United States. They found that workplace stress alone did not directly lead to a higher suicide rate, but nurses with high home and workplace stress had a higher relative risk for suicide than those with light home and workplace stress (Feskanich et al., 2002) . Suicidal ideation was recognized as a warning sign for suicide (Rudd et al., 2006) . The association between suicidal ideation and workplace stress is well recognized (Tyssen, Vaglum, Gronvold, & Ekeberg, 2001; Xiao et al., 2017) , but not specifically in nurses. In the nursing profession, workplace stress is associated with mental distress (Melchior et al., 2007) , which may induce thoughts of suicidal ideation (Kessler et al., 1999) .
Among the participants, 4.4% had worked for longer than 60 hr in the past week. In Taiwan, according to the Labor Standards Act, the maximum weekly working time limit is 48 hr. However, when there is a necessity for working overtime, the total amount of overtime shall not exceed 46 hr per month (i.e., approximately 11 hr per week; Ministry of Labor, Taiwan, 2018). However, in practice, some nurses do work long hours, especially if there is a nursing shortage. In the present study, long working hours and shift work were not associated with suicidal ideation. This result is not consistent with the findings of a previous study (Yoon et al., 2015) , in which suicidal thoughts were found to be more prevalent among female workers who worked more than 60 hr per week and did shift work. Long working hours and shift work have been suggested to be associated with psychosocial working conditions (Grosch, Caruso, Rosa, & Sauter, 2006; Winwood, Winefield, & Lushington, 2006) . This implies that high burnout and stress were a result of the combination of a demanding work environment (long working hours and shift work). However, we were unable to detect the effect of long working hours and shift work on suicidal ideation.
Reduced sleep duration was reported as a risk factor for suicidal ideation (Sarchiapone et al., 2014) . However, insufficient sleep may result from personal lifestyles and diseases, work characteristics, other occupational factors, or a combination of these variables (Magnavita & Garbarino, 2017) . In this study, we were unable to distinguish the cause of short sleep duration. We nonetheless found that nurses who worked >60 hr per week were highly associated with short sleep duration (the percentage of short sleep duration for work hours of >60, 46-60, and 40-45 per week were 24.4%, 19.2%, and 11.6%, respectively; p < .0001 [data not shown]). This complex interference of short sleep and its relevant factors prevent us from establishing an association between short sleep duration and suicidal ideation.
One should exercise caution when interpreting our findings due to the following limitations. First, the crosssectional study design precluded the establishment of a definitive causal relationship between burnout, stress, and suicidal ideation in Taiwanese female nurses. Second, we had no information on the nurses' history of psychiatric diseases, which has been reported to be correlated with suicidal ideation (Lee et al., 2010) . However, a previous study revealed that most suicide victims receive no treatment for depression (Isometsa, 1994) . Another study suggested that there is no association between elevated suicide risk and using psychiatric service in healthcare professions (Hawton et al., 2011) , since healthcare personnel with mental illnesses may be reluctant to seek help because of the perceived stigma. Despite the limitations, this study had some strengths. First, the participants were recruited from a nationally representative sample of nurses working in Taiwan hospitals. Second, the PAR calculation clearly showed that the proportion of nurses having suicidal ideation would be reduced if a risk factor was eliminated. Third, due to the limited space in the questionnaire, some relevant factors for psychological environments in the healthcare setting were not assessed, such as workplace violence, a documented factor for psychological problems and job strain in nurses (Heponiemi & Magnavita, 2011) .
Conclusions
This study found that personal or general burnout, client-related burnout, and job stress provided the main contributions to suicidal ideation in Taiwanese female nurses. More attention should be given to suicide prevention in nurses. In addition to examining nurses' desire for suicide and the capability to engage in serious suicidal behaviors (Van Orden et al., 2010) , periodic assessment of their psychological work environment is imperative.
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